Objective To systematically review the evidence of pre-operative exercise, known as 'prehabilitation', on peri-and postoperative outcomes in adult surgical populations. Design Systematic review and meta-analysis. Data sources CENTRAL, Medline, EMBASE, CINAHL, PsycINFO and PEDro were searched from 1950 to 2011. Methods Two reviewers independently examined relevant, English-language articles that examined the effects of pre-operative total-body exercise with peri-and postoperative outcome analysis. Given the nascence of this field, controlled and uncontrolled trials were included. Risk of bias was assessed using the Cochrane Risk of Bias Assessment tool. Only data on length of stay were considered eligible for meta-analysis due to the heterogeneity of measures and methodologies for assessing other outcomes. Results In total, 4597 citations were identified b y t he s earch s trategy, o f w hich 2 1 s tudies w ere i ncluded. Trials w ere g enerally small (median = 54 participants) and of moderate to poor methodological quality. Compared with standard care, the majority of studies found that total-body prehabilitation improved postoperative pain, length of stay and physical function, but it was not consistently effective in improving health-related quality of life or aerobic fitness in the studies that examined these outcomes. The meta-analysis indicated that prehabilitation reduced postoperative length of stay with a small to moderate effect size (Hedges' g = −0.39, P = 0.033). Intervention-related adverse events were reported in two of 669 exercising participants. Conclusion The literature provides early evidence that prehabilitation may reduce length of stay and possibly provide postoperative physical benefits. Cautious interpretation of these findings is warranted given modest methodological quality and significant risk of bias.
Introduction
The acute postoperative period is associated with a marked reduction in physical function and health-related quality of life (HRQOL) [1] . Pre-operative physical conditioning is an increasingly common strategy aimed at improving postoperative outcomes, including length of stay (LOS), functional capacity and peri-operative complications [2] [3] [4] [5] . Furthermore, the typical waiting period may represent an ideal time to invest in chronic health with a general exercise programme, ostensibly capitalising on the psychological impact ('teachable moment') of recent diagnosis to facilitate changes in health behaviour that include regular physical activity. This strategy, known as 'prehabilitation', commonly employs physiotherapy modalities or more common exercises targeting specific muscles or joints, often without targeting the systemic musculoskeletal and cardiovascular deconditioning that follows prolonged immobilisation. This focused approach ignores evidence from multiple studies, demonstrating that pre-operative systemic physical fitness positively predicts peri-operative complications and functional recovery, that have clinical and economic salience [6, 7] . Consequently, a more focused examination of trials that employ broader fitness enhancement strategies is needed to determine whether total-body exercise can improve the surgical experience and recovery. While recent reviews have described a net benefit of prehabilitation [3] [4] [5] , they have not conducted a meta-analysis nor have they focused specifically on total-body prehabilitation strategies across surgical populations. Therefore, the purpose of this study was to systematically review and meta-analyse the current literature examining the effect of total-body prehabilitation interventions on peri-and postoperative outcomes in adults undergoing surgical intervention.
Methods

Search strategy
Studies published in English between 1950 and August 2011 were recovered from the following databases by an experienced medical information specialist: the Cochrane Central Register of Controlled Trials (CENTRAL), MED-LINE, EMBASE, CINAHL, PsycINFO and PEDro. Search terms are presented in Appendix A (see online supplementary material). Hand searches of the reference lists of included studies were conducted to identify any additional relevant trials. Fig. A (see online supplementary material) shows a summary of the selection process. The corresponding authors of included trials were contacted to identify any potential additional relevant trials.
Two reviewers independently reviewed abstracts identified by the search for potentially relevant trials. Full-text articles of relevant studies were obtained and reviewed to confirm inclusion. Discrepancies between reviewers regarding inclusion were resolved by a third reviewer.
Inclusion criteria
Eligible trials included prospective, prehabilitation interventions that evaluated the effect of pre-operative total-body exercise for patients aged ≥18 years undergoing curative or palliative surgery. Exercise was operationally defined as non-site-specific structured physical activity that included cardiovascular and/or resistance training of the upper and/or lower extremities. Studies were included when the intervention(s) included exercise prescriptions with an indication of frequency (sessions/week), intensity (e.g. percentage maximum heart rate, rating of perceived exertion, etc.), time (duration of exercise session in minutes) and/or type of exercise (e.g. walking, cycling, resistance training). There was no limitation to intervention duration or intensity. Studies for inclusion required both pre-and peri-or postoperative outcome measurements; given the nascence of this field, there was no exclusion based on study design.
Data extraction
Two reviewers independently evaluated all studies for content and methodological quality using a standardised data extraction table. The reviewers were blinded to each other's abstraction process but were not blinded to each study's authors, date, journal or title. Study outcomes were grouped according to the following categories: HRQOL, pain, musculoskeletal and functional task performance, aerobic fitness, postoperative LOS and healthcare utilisation, peri-operative complications and adverse events. Outcome statistical significance was set to P ≤ 0.05 and intention-totreat results were used when available. The corresponding authors of included studies were contacted by email to verify the methodology and results.
Risk of bias assessment
Study risk of bias was evaluated according to the Cochrane Risk of Bias Assessment tool [8] (Table 1) . A third reviewer resolved any disagreements regarding classification of study quality components.
Meta-analysis
A meta-analysis was performed on outcomes that were used consistently by three or more studies using Comprehensive Meta-Analysis, Version 2 [9] . Effect size was calculated as Hedge's g, which denotes the mean difference between the intervention and control groups divided by the pooled standard deviation of the two groups. To aggregate effect sizes, each effect size was weighted by the inverse of its variance, while the weighted effect sizes were summed across studies and then divided by the sum of the weights.
Cochrane's Q test and the I 2 statistic were used to assess heterogeneity between studies [10] . Publication bias material). More detailed review revealed that two studies described different outcomes for the same cohort, and were included as one trial in this review [6, 21] . Nine of the candidate studies required arbitration from the third reviewer. In total, 21 studies were included in this review.
Risk of bias
Within-study risk of bias is presented in Table 1 . Out of a maximum score of 6 (higher scores indicate lower risk of bias), one study achieved a score of 6 [31] , three studies achieved a score of 4 [13, 25, 26] , seven studies achieved a score of 3 [14, 16, 18, 20, 24, 27, 33] , four studies achieved a score of 2 [21, 40] , three studies achieved a score of 1 [15, 17, 23] , and three studies achieved a score of 0 [19, 29, 32] .
Study characteristics
Included studies are summarised in Table 2 . Studies were published between 1996 and 2011. Of the 21 included trials, 17 were randomised controlled trials (RCTs) [13] [14] [15] [16] [17] [18] 20, [22] [23] [24] [25] [26] [27] [28] 30, 31, 33] , with one non-RCT [32] , one single-group trial (with secondary outcomes published separately) [6, 21] , one prospective case-control study using historical control subjects [29] , and one randomised casestudy design (two participants, each randomised to either prehabilitation or usual care) [19] . In total, 1371 participants were included in these 21 trials. Thirteen studies assessed pre-operative exercise in orthopaedic populations [15, 16, [18] [19] [20] 23, 24, 27, [30] [31] [32] [33] [34] , and eight studies examined pre-operative exercise in patients undergoing visceral organ surgery [6, 13, 14, 21, 22, 25, 26, 28, 29] .
Intervention characteristics
Six trials examined supervised, facility-based interventions [6, 13, 15, [21] [22] [23] 26, 27, 31, 32] , four were home-based (with or without periodic direct supervision from study staff) [14, 16, 20, 25] , and four used a combination of facility-based and home-based exercises [17, 19, 24, [28] [29] [30] 33] . Aerobic exercise was the primary exercise modality in five studies [6, 13, 21, [27] [28] [29] , resistance or calisthenic exercise in two studies [16, 18] , a mixed-modality approach (aerobic plus resistance) was used in thirteen studies [14, 17, 19, 20, [22] [23] [24] [25] [26] [30] [31] [32] [33] , and one study compared aerobic exercise with resistance exercise [15] . The median intervention duration was 6 weeks (range 1 to 8 weeks). To complement the pre-operative exercise, several studies included ancillary intervention components, such as patient education relevant to the surgical and recovery process [13, 18, 20, 33] and dietary provision [20] .
Effectiveness of pre-operative exercise interventions
Pre-operative, postintervention outcomes
Pre-operative, postintervention measurements were conducted in 17 trials and occurred between 1 and 7 days Intervention design/setting: mixed setting (twice/week unsupervised, home-based and once/week supervised, facility-based) F: 3 times/week; I: NR; D: NR; L: minimum 4 weeks (mean number of sessions = 13, range = 4 to 23) Exercise specifics: each session had: 5-minute warm-up followed by nine lower-body RET using resistance bands (squats, hip flexion and extension, hip abduction and adduction, ankle plantar flexion and dorsiflexion, and knee extension and flexion); AET included lateral and vertical stepping on a 8 step, finishing with a cool-down of light static stretching of gluteus, hip, hamstring, calf, torso, upper back, lower back and triceps and cooling down with 5 minutes of light walking Sekine et al. [29] Design: case-control study (prospectively enrolled participants into the intervention vs historical data from patients that did not receive the intervention) N = 82 (TX: n = 22; CON: n = 60) Sample characteristics: patients with non-small-cell lung carcinoma and chronic obstructive pulmonary disease Mean age (SD) in years: TX = 69.0 (5.5); CON = 70.4 (4.6) Intervention design/setting: 'pulmonary exercises' were conducted in the 'rehabilitation room', 5000 steps per day were to be completed independently (not facility-based) F: recommendation of 5000 steps everyday (F of 'pulmonary exercises' NR); I: NR; L: ∼2 weeks Exercise specifics: 'pulmonary exercises' were conducted for 30 minutes plus 5000 steps daily Ancillary intervention components [treatment arm (s) only]: extensive breathing exercises AET, aerobic exercise training; CON, control/usual care group; D, duration of exercise session; F, frequency of exercise (days or sessions per week); I, intensity; L, length of exercise programme; NR, not reported, RCT, randomised controlled trial; RM, repetition maximum; reps, repetitions; RET, resistance exercise training; RPE, rating of perceived exertion; SD, standard deviation; TX, treatment/exercise group; VO 2 , oxygen consumption.
prior to surgery [6, 13, [16] [17] [18] [19] [20] [21] [24] [25] [26] [27] [28] [30] [31] [32] [33] . From baseline to the immediate pre-operative time point (mean duration 6 weeks), physical function improved significantly in prehabilitation participants compared with control participants in four studies [16, 17, 19, 33] . Six studies reported significant within-group improvements in physical or psychosocial outcomes for prehabilitation participants only (P ≤ 0.05) [6, 13, 18, 20, 21, 24, 32] , and four studies demonstrated a worsening in physical symptoms for control subjects during the pre-operative period [14, 19, 24, 32] . There were no reported between-group differences in physical or psychosocial outcomes pre-operatively in five trials [15, 18, 20, 30, 32] .
Postoperative outcomes A summary of postoperative outcomes is provided in Table  A (see online supplementary HRQOL. Nine studies examined postoperative HRQOL [14, 15, 20, 21, 23, 25, 28, 31, 33] . Four of these studies used the Short Form Health Survey (SF-36) [14, 23, 28, 33] . Only Back et al. [14] found between-group improvements for the prehabilitation group in any domain of HRQOL postoperatively (significantly greater emotional and physical role functioning in treatment subjects at 1 week and 6 months after surgery, respectively; P ≤ 0.05) [14] . There were no significant between-group differences in HRQOL measures in seven studies [15, 20, 23, 25, 28, 31, 33] . The median risk of bias score for studies with HRQOL data was 3 (unclear risk of bias). Only one study had a low risk of bias (score of 5 or 6) and found no significant differences between the control and intervention groups [31] .
Pain. Six studies examined postoperative pain [15, 20, 23, 24, 31, 33] . Pain between 4 and 26 weeks postoperatively was improved in the treatment group compared with the control group in three of the five trials [20, 23, 33] . Only one study reported on analgesia use; Nielsen et al. found similar peri-operative and postoperative analgesia administration between study arms [20] . The median risk of bias score for studies with data on pain was 3 (unclear risk of bias). Only one study had a low risk of bias, and no significant difference between the control and intervention groups was observed [31] .
Musculoskeletal and functional task performance. Sixteen of the 21 trials included a postoperative musculoskeletal or functional performance outcome [13] [14] [15] [16] [17] [18] [19] [20] [22] [23] [24] [25] 27, [30] [31] [32] [33] . Physical function was measured using physical performance tests, clinician-completed assessments (functional and questionnaire-based) and patient self-report measures. Better postoperative scores in composite physical/functional assessments for pre-operative exercisers compared with controls were observed in three trials [16, 18, 30] . D'Lima et al. found a worsening in knee function in both exercising groups compared with controls 3 weeks after surgery, although there was no difference between the groups by 48 weeks [15] . In a population of colorectal surgery patients, Carli et al. [25] found that, compared with participants who completed the prehabilitation intervention (strength training plus stationary cycling), participants in the control group (who were prescribed walking and breathing exercises) were more likely to have a clinically significant improvement in 6-minute walk test distance 2 to 4 months postoperatively (P = 0.019).
Functional task performance tests were improved in preoperative exercisers compared with control subjects in four of seven trials [18] [19] [20] 23] . Postoperative range of motion was better in pre-operative exercisers than control subjects in four of five trials [16, 17, 24, 33] . Individual performance measures of musculoskeletal fitness were improved for preoperative exercisers compared with controls in three of seven trials reporting these outcomes [14, 19, 33] . Three of six studies examining functional performance using self-report measures found postoperative benefits for pre-operative exercisers compared with controls [13, 17, 20] . No study reported a worsening of functional outcomes in the exercise group.
Results from studies with objective measures of physical function had a median risk of bias score of 3 (unclear risk of bias). Only one study had a low risk of bias [31] and found no between-group differences in a 50-m walk test.
Aerobic fitness. Postoperative aerobic fitness was measured in five trials, all using cycle ergometers to assess peak aerobic capacity [6, 13, 14, 21, 22, 25] . Only one study demonstrated a significant improvement in postoperative aerobic fitness compared with controls [14] . In a single-arm study examining progressively intense aerobic training prior to lung resection, Jones et al. found significant decreases in peak oxygen consumption at approximately 2.5 months following lung resection despite significant improvements immediately following the intervention [6] . The median risk of bias score for studies assessing aerobic fitness was 3 (unclear risk of bias). Two studies had a risk of bias score of 4 (highest score in this outcome category); both studies found no betweengroup differences in aerobic fitness after the prehabilitation period. One study did not report postoperative changes in aerobic fitness [13] , while the other study reported that insufficient participants completed the postoperative aerobic test for meaningful analysis [25] .
Postoperative length of stay, healthcare utilisation and satisfaction. Eleven studies examined postoperative hospital LOS [13, 15, 20, 22, [25] [26] [27] [28] [29] 31, 32] ; four of these found that patients who participated in pre-operative exercise were discharged from the hospital earlier than control patients (P < 0.01) [13, 20, 22, 29] , with the others showing no difference. In the trials that demonstrated reduced LOS, exercising participants were discharged 1 to 8 days (mean = 4 days) earlier than control participants. A shorter overall LOS in the intensive care unit (P = 0.038) for prehabilitation participants compared with controls was also observed [13] . The median risk of bias score for studies assessing LOS was 3 (unclear risk of bias). Only one study had a low risk of bias and found no significant differences between the treatment and control groups [31] .
Healthcare utilisation was assessed in three studies [13, 23, 32] . Arthur et al. found that a 1-day reduction in hospital LOS in the intervention group was associated with net savings of ∼US$133 per patient-day [13] . Williamson et al. reported that their pre-operative physiotherapy programme (not including the gymnasium or equipment costs) cost £9 vs £15 for pre-operative acupuncture vs no cost for home-based exercise recommendations. Discharge location was only specified in one trial, as Rooks et al. found that patients participating in their 6-week pre-operative exercise programme were more likely to be discharged home as opposed to a rehabilitation facility (P < 0.05) [23] . Rodgers et al. found no difference in hospital LOS or requirement for outpatient physiotherapy between the treatment and control groups (P-value not reported) [32] . Three studies assessed participant satisfaction/appreciation with the interventions [20, 26, 27] .
Peri-operative complications and adverse events. Two of the nine studies that examined the incidence of peri-operative complications found reduced rates of complications in prehabilitation patients compared with controls [22, 23] , three trials found no difference between the intervention and control groups [26, [28] [29] [30] , and the other trials did not report between-group differences [25, 27, 32] . Peri-operative complication data were yielded from studies with a median risk of bias score of 2 (range = 0 to 4). Study-related adverse events were reported in 14 trials [6, [13] [14] [15] 17, [20] [21] [22] [23] 26, 27, [30] [31] [32] . Eight trials specifically reported on adverse events occurring in the various intervention arms [6, 14, 17, 23, 26, 27, 30, 31] . In one trial, adverse events were attributed explicitly to exercise (drop in systolic blood pressure by >20 mmHg while exercising) [6, 21] . The adverse event rate for exercising participants was two out of 669 participants in whole-body prehabilitation.
Meta-analysis of the postoperative length of stay outcome.
Due to the heterogeneity of trial methodologies and outcome measures, it was only possible to extract sufficient data on the postoperative LOS outcome for meta-analysis. LOS data that were suitable for inclusion (i.e. compared intervention participants with controls) came from nine studies [13, 15, 20, 22, [25] [26] [27] [28] 31] , one of which compared two intervention arms with controls thus contributing two estimates of effect size [15] . Using the random effect model yielded a small but significant pooled Hedges' g of −0.39 (95% confidence interval −0.76 to −0.029; P = 0.033) for the intervention group compared with the control group (Fig. 1 ) in a sensitivity analysis that involved removing the three studies with large standard errors in their effect size estimates (treatments 1 and 2 from D'Lima et al. [15] and Hoogeboom et al. [27] ). The results showed that the pooled Hedge's g was −0.54 (95% confidence interval −0.93 to −0.107; P = 0.014). The result remained significant.
Begg's and Egger's tests of publication bias had scores of 0.474 and 0.741, respectively, indicating that publication bias was unlikely. However, the funnel plot indicated that there was a possible bias, with studies that had large standard errors and negative effect sizes tending to be missing (Fig. 2) . The degree of heterogeneity of the 10 studies combined was high (I 2 = 82.85, Q-statistic = 52.47, df = 9; P = 0.0001). Due to the limited number of studies, further quantitative exploration of heterogeneity was not undertaken. 
Discussion
Prehabilitation has been suggested as a preventative strategy to combat pre-operative deconditioning and improve postoperative outcomes. The evidence for pre-operative totalbody prehabilitation programmes on postoperative recovery was reviewed systematically. While most of the trials included in this review had an RCT design [6, 21, 32] , the overall methodological quality was poor to moderate with an overall high to unclear risk of bias. Thus, the findings must be considered with some caution. The generalisability of these findings is further limited due to considerable prehabilitation protocol and outcome measurement heterogeneity across studies, notwithstanding the exclusion of patients with significant comorbid diseases (who may represent a population that stands to benefit most from pre-operative exercise because of greater deconditioning and vulnerability). Moreover, the study populations were primarily orthopaedic, with only three of the 14 trials assessing lung or cardiac surgery patients [6, 13, 14, 21] . There is also evidence of reporting bias, as several trials described measurement of various outcomes but did not report on those outcomes in the results [15] [16] [17] 20, 22, 33] . These omissions in reporting tend to distort interpretation, likely overestimating the benefits of prehabilitation. Additionally, the clinical relevance of findings and reference to minimal clinically important differences in outcomes is poorly described. Only three studies powered their trials to assess clinically important differences in LOS [13, 15, 22] , and only one study was powered to assess a change in a health outcome [15] . Furthermore, only four trials commented on the clinical importance of their findings [6, [20] [21] [22] . Finally, although it appears that exercise is safe for patients awaiting surgery (0.5% adverse event rate), few studies described the safety of their interventions adequately, as only four trials explicitly indicated whether the adverse events were related to the exercise intervention [6, 14, 17, 23] . This review has several limitations that should be considered. First, all non-English publications were excluded; however, the authors only found one relevant non-English study, that would probably have been excluded based on the inclusion criteria given the description of the study in the translated abstract [35] . Second, this review may be biased by the exclusion of unpublished studies, such as oral or poster presentation abstracts. However, non-peer-reviewed reports of trials typically include smaller treatment effects than formally published trials [36] and may be of poor methodological quality, potentially distorting the overall findings from the larger body of evidence. Also, the lack of consistency in outcome measurement for most performancebased or psychosocial well-being measures precluded the authors' ability to effectively meta-analyse all of the outcomes apart from LOS. Future studies should consider the pool of literature with respect to postoperative measurement for generalisability of their findings, especially in light of the well-validated measures used in many of the studies reviewed here. In this meta-analysis, significant heterogeneity was observed, indicating that the effect sizes for various outcomes were quite disparate. This may be due to the limited number of trials available for meta-analysis, as well as the variety of populations and intervention approaches that were assessed.
At present, there is no clear evidence of benefit of total-body prehabilitation with respect to postoperative functionality or psychosocial outcomes. However, the qualitative and quantitative evidence for reduced LOS, particularly in cardiac surgery patients, is more compelling, as three well-designed and adequately powered trials demonstrated reduced LOS for prehabilitation patients compared with controls [13, 20, 22] . The results of this meta-analysis, suggesting a reduction in LOS with prehabilitation, are intriguing and suggest the need for further high-quality studies to confirm the findings. However, the study with the lowest risk of bias found no difference in LOS between the intervention and control participants. Consequently, while a reduction in prehabilitation-related reduction in LOS would be an important clinical finding given its positive association with re-admission rates, poor functional status and mortality, and negative association with healthcare costs [37, 38] , it is concluded that the overall evidence related to this outcome is equivocal. It is worth noting, however, that in the studies that observed reduced LOS [13, 20, 22] , prehabilitation participants had better physical function and recovery [20] , HRQOL [13] and peri-operative complications [22] .
The salient nuance of this review compared with previous reviews [3] [4] [5] is the focus on total-body exercise rather than muscle-or joint-specific exercises. It is likely that totalbody exercise is better suited to prepare the entire body for prolonged sedentary behaviour, postural compensation and modified behaviour patterns that are common to postoperative recovery. The systemic benefits of cardiovascular conditioning can be achieved through a variety of modalities that may be non-, partial-or full-weight-bearing, and may prevent clinically relevant decreases in cardiopulmonary fitness. In patients awaiting lung resection, for example, Jones et al. [6] and Peddle et al. [21] demonstrated that an intense cycling intervention was tolerable and produced clinically important pre-operative increases in aerobic capacity that likely prevented postoperative decreases in aerobic fitness to levels below that required for functional independence. Moreover, they demonstrated an important positive correlation between aerobic fitness and HRQOL (r = 0.70, P ≤ 0.036), suggesting that preservation of aerobic capacity is important for the maintenance of psychosocial health [21] . These findings require replication in high-quality RCTs and amongst other populations, but provide a starting point for further hypothesis testing. For orthopaedic surgery, training of the 'healthy' limbs or extremities likely improves the performance of various functional tasks that require improved contralateral strength and endurance to compensate for the operated limb. This review of several studies examining unilateral lower-extremity joint-replacement surgery indicates that the recovery of functional performance is often quicker in totalbody prehabilitation patients. Contrary to previous reviews that have shown a lack of benefit of prehabilitation among orthopaedic patients [4, 5] , this review found that the majority of studies reported that total-body exercise was effective for a variety of functional outcomes. The authors have also extended the findings of previous reviews with a careful assessment of risk of bias that underscores the importance of future, high-quality study designs with low risk of bias to determine the effect of prehabilitation with more confidence.
It is likely that the best approach to prehabilitation is to consider both total-body conditioning and site-specific exercises; this should be examined further. An important remaining question is whether surgery should be postponed to allow for prehabilitation. Studies have demonstrated that the moderate delays in treatment for non-small-cell lung cancer patients are not associated with worsened long-term prognosis [39, 40] , and postponing surgery for long enough to reach pre-operative fitness targets may improve postoperative risk profiles [6] . However, this issue has not been studied formally in RCTs or across other diseases.
Conclusion
The balance of data appears to favour total-body prehabilitation over standard care for patients undergoing surgery in ways that may result in significant cost savings through reduced LOS and peri-operative complications. The majority of trials included in this review suggest an improvement in physical function, LOS and pain following surgery compared with standard care. However, poor methodological quality and high risk of bias were common across studies, and preclude any definitive conclusions for all the outcomes examined. Given the nascence of this literature, future studies should focus on adequately powered RCT designs with consistent use of outcome measurements for enhanced generalisability across studies. Measures that are clinically relevant and consistent with the contemporary knowledge base include the 6-minute walk test for functional capacity, the SF-36 for physical and psychosocial quality of life, and LOS for trajectory of recovery.
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